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C ,r t a i -i : -t t j rr'v : ie o ,. T c r l -! n c C Ir in f i n ou11r

iiverse, car he o it-rve d t' - *I tcrac-t nn wt h cu r ea rt h 's atmnos -

phe re. kIjch is yet to he 1' -v1Thot hcwour atrnosnThkre rearts to

natural and min r1(iOcet it P-~ 'rti cilarlv in the n lasma re-

oic)ns where theit intericr ior,, 'et%,oer electric Firlds and matter are

pronounced one has a meanrs of ~t~' othe effocts; of solar and other

extraterrestrial naturail events -' well I is m1ar-in(!uced events. Man -induce d

events may inC'ude hi.h attit:Q- rwlear exnlosions and rocket blasts.

Extraterrestrial ind terrestrial evcnts, ;Hkc sfl1ar activity and hieh

altitude nuclear explosion-;, coiirle to our earth's mavietiz field throupgh

interactions, in the ionosnhere. A ;u~lv of the smiall induced variations

(micropulsations) in our Larh wmlcetic fielId and in teflluric currents

vive us further means of stiidyine tile variousa nheynomena- associated with

these events.

This proJect was directed toward the desi en of an experiment and the

development of instrutmentati on nn( measurinu ehnqe useful for observine

ricropulsitions in the rraeyretic fiold strenfgth and in the related telluric

currents.. Thie program, bY no'ce-itY, rc'qui red auxi liarv tests and measure-

merts to validate the test erivi roron~t . Thie latter inc luded snecifically

a further stiud'v of the peoloci cal indl taootvi cal features of the arc and

"measurementr of the electrical characteri-stics to evaluate the area's suit-
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This program provided the basis for research topics which led to

master's degrees for two of the sttidents who participated in the project.

..e one thesis related to the evaluation studies of the test sites or

areas, and the other thesis related to the desi - of a magnetometer

which made use of the Hll effect in a semiconductor.

Incorporated in the measurements were larqe coils of wire of four

and eight turns encompassing areas up to 27 squre-kilometers and also

telluric lines in arrays in which some electrodes were more than one

mile from the reference electrode. The suhiect of the thesis research

may be described, somewhat oversirnnlified, as follows.

Signals were launched from a pair of test electrodes and the induced

signals were picked up by the receiving array and analyzed to compare

the amplitudes and phases with the theoretical values predicted when

electrical homogeneity was assumed. A second rrallel part of the approach

involved mappin, the electrical field in the vicinity of a pair of earth

electrodes into which a signal was fed. Comnarisons were again made

between the experimental mapnint, and theoretical manning. Finally a

limited amount of observations of telluric currents were recorded and

some typical patterns were observed but the results were rather nonconclusive.

The areas evaluated proved to he reasnnibly suitable for magnetic and

telluric measurements with snme qualification. The F-rt Jackson site

appeared to le exceedinplv vulnerable to li(!htninp, which frequently destroyed

the telluric lines, the loop, nd often .feriots1v ,Ninmaed instruments

which were sometimes more th'- i -i lo $rr, the nicup element hit tied by

connecting lines. fOn the ot!,,,r di,,!. htrine a neriod of two or more years

of telluric measurements it rhv zit- mf th,, I1nvtvrsitv !fydromagnetic and

Telluric Research Stntion. nr, ioii. liphtnir.e damage was encountered

although the two sites are not gearatecd by manch more than about 3 miles.

Otherwise, the sites are about equally suitable.
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Work done to develop a hir'h sensitivity magnetometer fulfilled the

research requirement fnr another dr' a deoree. A !rtudv was made to

determine the feasibilit)y of e mrlovinp the hlall effect for measuring

very small vriations in mn.anctic fields. The lial sensor used was a

very small semiconductor device commercinlly prdticed and it served for

checking thenry and techninues. The 11all-effect method lends itself to

the use of flux rintin-r, the se of fix c-I!ectors, and simultaneous

measuirements or randi scannin' of field components. The liall magnetc-

meter with its auxiliarv equin-wnt is reasnaahly nortable and can he

built with moderate means.

From this srtdy it was concluded Thnt construction of a Hall-effect

magnetometer with i sensitivity of one eamma (The earth's field is

approximately f.SxlO" eammn) was feasible. This sensitivity is about

two orders of magnitude noorer thin ruclear-nrecession and radiation-

numped mnnetometers. The Ha-ll effect gives a reenonse which is direct

reading while coils nnd severil other methods pive time rate of variations

in the magnetic field. The research srtdent recommended that such a

manetometer le drveloped for inqtillatinn at the 1nlve rity HIydromanetic

and Telluric Research Station, hut this has not heen pursied further for

lack of any students sufficiently interested in continuinR the work.
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Personnel Involved

Professor .1. fluhert Noland, Department of Electrical Enineerinp.

Professor Noland's primary interests in this project involve instrumen-

tation, filter design, and computer analysis of results obtained.

Associate Professor J. Edwin Sees, Department of Electrical

Engineering. Professor Sees has been primirily concerned with the

physical phenomena of earth currents and magnetic field micropulsations

and attempts to correlate the~e with other natural or man-made occurrences.

Mr. Frederick W. Ford, graduate student in Electrical Engineering,

received financial support under this project from September 1964

through July 196.5. !i- research was primarily concerned with the Telluric

currents in the earth. lie rec.-ived the deprce of Master of Science in

Electrical Engineerlng in August of 1965.

Mr. Rnndolph Davis, graduate stut(lent in Physics, received support

from September 1964 through June of 1966. Ills. work included development

of a Hall-effect Magnetometer for three-dimension-il field measurements.

lie received the degree of Master of crience in Physics in June of 1Q66

and is now associated with the Solar Vorecrst Center of the Air Force.

M4r. Nai-li Ku, iRraduate sttident in Fiectrieca 1neineering, received

support from June of 1965 through Ateust of 1966. Ilis work included

assistance with the design of the electrnnie equipment for the Vall-effect

Magnetometer. lie has Oince received the Marter of Science degree from

the University of South Caroliln. and i. now a candidate for the Doctor's

degree at the llniversity of klinne-nti-.



Publications

The following theses were prepared hy qraduate students suppotrted

by this proJect:

Davis, Randoloh R., "Pie Evaluation of a Hall Magetometer for
Detecting fleomaqnetic Mficroptilsations."1

Ford, Frederick W. , "Electric Field Vectors Associated with Telluric
Currents at Columbia, S.C."
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